Purpose: To evaluate the efficacy and safety of travoprost 0.004% versus timolol 0.5% as an initial intraocular pressure (IOP)-lowering medication for ocular hypertension secondary to vitrectomy. Patients and methods: We performed a randomized, controlled, observer-blinded clinical trial in the Eye & ENT Hospital of Fudan University in China. This trial was registered at www.chictr.org.cn (ChICTR1800014942) before patient enrollment. Seventy-nine adults with IOP of 25-45 mmHg secondary to vitrectomy in the latest one month were enrolled and randomized to receive travoprost 0.004% or timolol 0.5%. More drugs were administered to patients with IOP > 25 mmHg during follow-up. Results: The mean IOP reduction at day 1 was −10.97 mmHg in the timolol group and −15.02 mmHg in the travoprost group (P = 0.006); no significant difference was observed between the groups at later time points. The number of IOP-lowering medications at day 21 was 0.64 in the timolol group and 1.15 in the travoprost group (P = 0.038), while no significant differences were observed at other time points. The proportion of single IOP-lowering medications used during the 4-week follow-up was 72.73% in the timolol group and 68.42% in the travoprost group (P = 0.692). Inflammation scores were not significantly different in the two groups at any time point. Increased ocular hyperemia occurred in 8 patients (19%) in the travoprost group and none in the timolol group (P = 0.005). There were no significant differences in other adverse events between the two groups. After logistic regression model analysis, IOP ≥ 30 mmHg, inflammation score ≥ 2, and silicone oil as tamponade were found to be the factors with significant effects on the number of IOP-lowering medications used during the 4-week follow-up. Conclusion: Travoprost and timolol have similar efficacy and safety for treating ocular hypertension secondary to vitrectomy.
Introduction
Ocular hypertension is a common complication after vitrectomy, occurring in 11-56% of the patients. [1] [2] [3] [4] [5] [6] Ocular hypertension most often manifests in the first month after vitrectomy, 5 and the mechanism involved is complex. Postoperative hemorrhage, inflammation, and pupillary block may contribute to early-onset ocular hypertension. 1, 2, 5 Ocular hypertension secondary to vitrectomy can be classified into the open-angle and closed-angle subtypes. In most cases, it can be controlled by medications alone. 5, 6 However, there are no guidelines on the use of intraocular pressure (IOP)-lowering medications for treating ocular hypertension secondary to vitrectomy.
The most common IOP-lowering medications used for treating ocular hypertension secondary to vitrectomy are beta-blockers, 6, 7 which can suppress aqueous humor production. 8, 9 However, topical application of beta-blockers may trigger asthma, bradycardia, heart block, heart failure, and so on. 8, 9 Prostaglandin analogs (PGAs), considered as the first-line medication in primary open-angle glaucoma, 10, 11 have been reported to induce or reactivate inflammation in the anterior chamber, 12-14 macular edema, 15 and herpes simplex virus. [16] [17] [18] In recent years, some clinical studies showed that PGAs were safe and effective for the treatment of uveitic glaucoma while keeping inflammation under control. [19] [20] [21] [22] Postoperative inflammation is the major mechanism underlying early-onset open-angle ocular hypertension after vitrectomy, which is similar to uveitic glaucoma. Moreover, PGAs have been reported to be widely used to treat ocular hypertension after vitrectomy in clinical practice. 6, 23 However, there are no controlled clinical studies evaluating PGA in the treatment of early-stage ocular hypertension secondary to vitrectomy.
Methods

Study Design
This was a prospective, single center (Eye, Ear, Nose and Throat Hospital of Fudan University, Shanghai, China), 1:1 randomized, investigator-blinded, parallel-group study. The study was conducted in accordance with Good Clinical Practice and in compliance with the ethical principles of the Declaration of Helsinki; it was approved by the Institutional Ethical Review Board of the Eye & ENT Hospital of Fudan University before the study began. The study was conducted between May 2018 and February 2019 and has been registered at www.chictr.org.cn (registration number ChICTR1800014942). Written and signed informed consent was provided by all patients.
Participants
Eligible patients were aged ≥ 18 years, had a history of 23-gauge vitrectomy in the last month, and had an IOP ≥ 25 mmHg and < 45 mmHg. Exclusion criteria were as follows: history of glaucoma or ocular hypertension, ocular trauma, or ocular surgery except cataract surgery; eyes with a closed angle of more than 90 degrees as observed under gonioscopy on the screening day or during followup visits; history of low heart rate or pulmonary disease; severe allergic rhinitis; corneal diseases; and use of ocular IOP-lowering medications before the screening visit ( Figure 1 ). All vitrectomies were performed by two skilled retinal specialists.
Interventions
Eligible patients were randomized 1:1 to receive travoprost 0.004% (TRA-I-Group; Alcon Laboratories Inc, Fort Worth, TX, USA) or timolol 0.5% (TIM-I-Group; Wujing Medicine Co., ltd, Wuhan, Hubei, China) for 4 weeks. The random allocation sequence was generated using Excel 2010 (Microsoft, Redmond, Washington). The investigator responsible for measuring IOP was blinded to the treatment assignment. Patients were instructed to instill travoprost 0.004% in the eye with ocular hypertension once daily at bedtime or to instill timolol 0.5% twice daily at approximately 8 AM and 5 PM. The treatment phase included 5 on-therapy follow-up visits conducted on days 1, 7, 14, 21, and 28 ( Figure 1 ). During follow-up, IOP was measured at approximately 10 AM. If the IOP was still above 25 mmHg at a follow-up visit, brinzolamide 1% (Alcon Laboratories Inc, FortWorth, TX, USA), brimonidine 0.2% (Allergan Inc, Dublin, Ireland), timolol 0.5%, or travoprost 0.004% were added separately or together in this order. If the IOP was still above 40 mmHg in the eye after administration of the four topical IOP-lowering medications, anterior chamber puncture was performed. Ocular inflammation was scored on a scale of 0 to 4 based on the degree of flare and the presence of inflammatory cells in the anterior chamber and the vitreous, as previously reported. 24 Prednisolone 1%
(Allergan Inc, Dublin, Ireland) was used to reduce ocular inflammation. The administration of prednisolone 1% was stopped when inflammation could not be observed in the eye and was restarted in case of recurrence. If the IOP was less than 18 mmHg for two consecutive weeks, IOP-lowering medications were removed in the reverse order in which they were added.
Efficacy Outcomes
The primary efficacy endpoint was IOP reduction from baseline on days 1, 7, 14, 21, and 28. The additional outcome was the number of additional IOP-lowering medications.
Safety Outcomes
Safety was evaluated based on inflammation scores at all time points, other ocular abnormalities found through physical examination, and adverse events reported by the patients. Most patients have some degree of ocular hyperemia early after vitrectomy; therefore, we considered the increase of ocular hyperemia, rather than ocular hyperemia, as an adverse event.
Risk Factors Analysis
In order to predict whether a patient needs more than one IOP-lowering medication, factors that may influence the number of IOP-lowering medications used were identified and analyzed. [25] [26] [27] These factors included age, sex, refractive factor of patients, diagnosis, combination with lens surgery, tamponade, time of treatment initiation after vitrectomy, IOP and inflammation scores on screening, and travoprost versus timolol as the initial IOP-lowering medication.
Statistical Analysis
Statistical analysis was performed using IBM SPSS statistics version 25 (IBM, Armonk, New York). Efficacy for the primary endpoint was evaluated with intent-to-treat (ITT) analysis; the ITT set included all patients who received the study medication and completed at least one on-therapy visit.
Student's paired and unpaired t-tests and Pearson's chi squared test were used in the safety and efficacy analyses. Risk factors were analyzed by logistic regression.
Results
Patients
Of the 79 eyes of 79 patients randomized to treatment, 42 eyes of 42 patients were included in the TRA-IGroup and 37 eyes of 37 patients in the TIM-I-Group. The age of patients in the two groups was 53.67 ± 11.60 and 51.62 ± 14.33 (mean ± standard deviation, SD) years in the TRA-I-Group and TIM-I-Group, respectively. Most patients were male (55.4%; 43/79). The baseline IOPs on screening were 32.93 ± 4.83 and 31.81 ± 5.05 (mean ± SD) mmHg in the TRA-I-Group and TIM-I-Group, respectively. The times after vitrectomy on screening were 9.17 ± 3.60 and 9.51 ± 4.57 (mean ± SD) days in the TRA-I-Group and TIM-IGroup, respectively. There were no significant differences between the groups in demographic or clinical parameters, including age, sex ratio, rate of high myopia, diagnosis, composition of tamponades, composition of combined lens surgery, baseline IOP, times after vitrectomy, or inflammation scores before treatment ( Table 1 ), suggesting that there was no significant bias in the patients' baseline data. Overall (Figure 1 ), 10.13% of the randomized patients (8/79) discontinued the study (TRA-I-Group, 9.52%, 4/42; TIM-I-Group, 10.81%, 4/37). The most common reason for discontinuation was patient withdrawal (TRA-I-Group, 4.76%, 2/42; TIM-I-Group, 8.11%, 3/37). The remaining reasons for discontinuation were inadequate intraocular pressure control (TRA-I-Group, 2.38%, 1/42; TIM-IGroup, 2.70%, 1/37) and adverse events (TRA-IGroup, 2.38%, 1/42; TIM-I-Group, 0%).
Efficacy Outcomes
After 1-day treatment with travoprost 0.004%, IOP decreased from 32.92 ± 0.75 to 17.91 ± 0.81 (mean ± standard error, SE) mmHg in the TRA-I-Group (P < 0.001). Meanwhile, in the TIM-I-Group, IOP decreased from 31.81 ± 0.83 to 20.84 ± 1.05 mmHg after 1 day of treatment with timolol 0.5% (P < 0.001, Figure 2A ). Treatment was thus effective on day 1 in both groups. Comparing the IOP reduction between the two groups on day 1, we found it to be −15.02 ± 0.97 mmHg (mean ± SE) in the TRA-I-Group and −10.97 ± 1.05 mmHg in the TIM-I-Group (P = 0.006, Figure 2B ). There were no Figure 2C ). The proportion of patients with IOP reduction ≥ 20% was 78.38% (29/37) in the TIM-IGroup vs. 97.62% (41/42) in the TRA-I-Group (P = 0.007). Moreover, the proportion of patients with IOP reduction ≥ 30% was 56.76% (21/37) vs. 90.48% (38/42) in the TIM-I-Group and the TRA-I-Group, respectively (P = 0.001). These data showed that travoprost 0.004% has better efficacy for lowering IOP compared with timolol 0.5% on day 1. After day 1, other IOP-lowering medications were added for patients with IOP > 25 mmHg, and the number of IOP-lowering medications was considered another 
-test). (B)
The proportion of patients with IOP reduction ≥ 20% was 78.38% (29/37) among timolol-treated patients and 97.62% (41/42) among travoprost-treated patients, and the difference is significant (P = 0.006, Pearson's chi squared test). The proportion of patients with IOP reduction ≥ 30% was 56.76% (21/37) among timolol-treated patients and 90.48% (38/42) among travoprost-treated patients, and the difference is significant (P = 0.001, Pearson's chi squared test). (C) IOP reduction on day 1 significantly differed between the timolol-treated and travoprost-treated patients, while IOP reduction on days 7, 14, 21, and 28 did not. Data are presented as mean ± standard error. **P < 0.01; ***P < 0.001. Abbreviations: TIM, timolol; TRA, travoprost.
efficacy index, with fewer added medications indicating better efficacy of the original medication. The number of IOP-lowering medications on day 21 was 1.15 ± 0.17 (mean ± SE) in the TRA-I-Group and 0.64 ± 0.17 in the TIM-I-Group (P = 0.038). The number of IOP-lowering medications did not differ significantly between the two groups on days 7, 14, or 28 ( Figure 3A) . These data suggested that timolol 0.5% has greater efficacy for lowering IOP on day 21 compared with travoprost 0.004%.
Distribution of the number of IOP-lowering medications used in the two groups is shown in Figure 3B . The proportion of single IOP-lowering medications used during the 4-week follow-up was 72.73% in the TIM-I-Group and 68.42% in the TRA-I-Group (P = 0.692, Figure 3C ). Therefore, overall, travoprost 0.004% and timolol 0.5% showed similar efficacy in lowering IOP in early-stage ocular hypertension secondary to vitrectomy.
Considering that the use of steroids might affect IOP, the duration of topical steroid use during follow-up was calculated and was found to be 6.86 ± 0.81 days (mean ± SE) in the TIM-I-Group and 6.86 ± 0.72 days in the TRA-I-Group (P = 0.967, Figure 3D) . Therefore, the use of steroids in both groups was comparable and did not lead to bias when comparing the efficacy for lowering IOP in the two groups.
Safety Outcomes
In the TIM-I-Group, inflammation scores were 1.32 ± 0.095, 1.19 ± 0.11, 0.92 ± 0.13, 0.42 ± 0.12, 0.27 ± 0.090, and 0.21 ± 0.092 (mean ± SE) on days 0, 1, 7, 14, 21, and 28, respectively, and continued to decline thereafter. In the TRA-I-Group, the inflammation scores were 1.32 ± 0.11, 1.39 ± 0.12, 0.95 ± 0.13, 0.55 ± 0.15, 0.42 ± 0.11, and 0.26 ± 0.095 on days 0, 1, 7, 14, 21, and 28, respectively, thus slightly increasing from day 0 to day 1 and then gradually decreasing until day 28. Differences in inflammation scores between the two groups were not significant at any time point (Figure 4) . These results suggest that travoprost may potentially increase ocular inflammation, but such increase was well-controlled in our study. Overall, the safety of the two treatments in terms of increasing inflammation was similar.
No serious adverse events were reported in either group. In particular, reactivation of herpes simplex virus was not found in any patient. Eight patients (19%) in the TRA-I-Group and none in the TIM-IGroup had increased ocular hyperemia (P = 0.005). Nine patients (21.4%) complained of eye irritation in the TRA-I-Group compared with 3 patients (8.1%) in the TIM-I-Group (P = 0.100). Two patients (4.8%) reported eye pain after treatment in the TRA-I-Group compared to none in the TIM-I-Group (P = 0.179). One patient (2.4%) in the TRA-I-Group needed anterior puncture to decrease IOP, compared to none in the TIM-I-Group (P = 0.345, Table 2 ). Overall, therefore, increased ocular hyperemia was more common in the TRA-I-Group than in the TIM-I-Group, and there were no significant differences concerning other adverse events between the two groups.
Risk Factor Analysis
As shown in Table 3 , three risk factors including inflammation score on screening ≥ 2, silicone oil as tamponade, and IOP on screening ≥ 30 mmHg had significant effects on increasing the number of IOPlowering medications used in the 4-week follow-up. Other factors including sex, age, high myopia, diagnosis of macular diseases, combination with lens surgery, time of treatment initiation after vitrectomy, and travoprost versus timolol as the initial IOP-lowering medication have no significant impact. In our study, all patients without risk factors were treated using a single IOP-lowering medication. The rates of patients using more than one IOP-lowering medication were 18.52%, 36%, and 77.78% in patient with one, two, and three risk factors, respectively.
Discussion
Most patients with ocular hypertension after vitrectomy are medically treated, 6 and PGAs have become the second most frequently used IOP-lowering medication for treating ocular hypertension secondary to vitrectomy, as discussed in a previous report. 6 However, the efficacy of PGAs in eyes with ocular inflammation is still questioned. Markomichelakis et al reported a one-year, prospective randomized study involving 54 patients with uveitic glaucoma and found latanoprost to be equally effective as a fixed combination of dorzolamide and timolol. 19 Fortuna et al reported a retrospective study including 42 patients (59 eyes) with uveitic glaucoma and found that bimatoprost therapy can decrease IOP from 27 ± 13.2 mmHg to 15 ± 5.5 mmHg (44.44% reduction) at the end of six months. 21 Chang et al retrospectively compared 163 eyes with uveitis that had been treated with a PGA and found that PGAs significantly reduced IOP in uveitic glaucoma. 22 Takeuchi et al reported a retrospective study involving 36 patients (55 eyes) with ocular hypertension associated with uveitis and found the rate of IOP reduction in the travoprost/timolol treated group (50.6%) to be higher than that in the latanoprost/timolol-treated group (37.1%). 20 These studies suggest that PGAs have good efficacy in treating uveitic glaucoma in which uveitis is controlled through immunomodulatory therapy. The mechanism of early-onset ocular hypertension is similar to that of uveitic glaucoma. Our study showed that travoprost 0.004% effectively reduces IOP in ocular hypertension secondary to vitrectomy. The rates of IOP reduction were 45.65% in the TRA-I-Group and 35.27% in the TIM-IGroup on day 1 (P = 0.006). At the follow-up visit on day 1, more patients in the TIM-I-Group than in the TRA-I-Group were advised to add IOP-lowering medications. Therefore, the number of IOP-lowering medications in the TIM-I-Group (1.32 ± 0.095, mean ± SE) was higher than that in the TRA-IGroup (1.17 ± 0.069) on day 7. However, IOP reduction in the TRA-I-Group decreased from −15.02 ± 0.97 mmHg on day 1 to −11.61 ± 1.27 mmHg on day 7. Consequently, the number of IOP-lowering medications in the TRA-I-Group increased from 1.17 ± 0.069 on day 7 to 1.41 ± 0.12 on day 14. On the contrary, the number in the TIM-I-Group on day 14 (1.33 ± 0.12) was similar to that on day 7 (1.32 ± 0.095), suggesting that the efficacy of travoprost decreased, while that of timolol was quite stable, from day 1 to 7. The decreased efficacy of travoprost for treatment of early-onset ocular hypertension secondary to vitrectomy from day 1 to day 7 is a novel finding. The mechanism behind it is still unknown and needs further investigation. The number of IOP-lowering medications was 0.64 ± 0.17 in the TIM-IGroup and 1.15 ± 0.18 in the TRA-I-Group on day 21, and the difference was significant (P = 0.038), suggesting better IOP control efficacy in the TIM-I-Group compared with the TRA-I-Group on day 21. The proportions of single IOPlowering medication used during follow-up in the two groups were close (P = 0.692). We tested whether administering travoprost or timolol as the initial IOP-lowering medication affects the number of IOP-lowering medications using a logistic regression model and found the adjusted P value in this factor is 0.975. Overall, our results show that travoprost 0.004% doesn't show a better efficacy that it presents in treating primary open angle glaucoma than timolol 0.5%, 11, 28 and that the two drugs have comparable efficacy for the treatment of early-onset ocular hypertension secondary to vitrectomy. Prostaglandins are well-known mediators of ocular inflammation. Some studies reported that the use of prostaglandin analogs leads to anterior uveitis, 12-14 macular edema, 15 and reactivation of herpes simplex virus. [16] [17] [18] However, Markomichelakis et al demonstrated that the proportion of uveitic glaucoma patients experiencing recurrences of anterior uveitis was 34% in the latanoprost group vs. 57% in the dorzolamide/timolol group (P = 0.21), while the proportion of patients developing macular edema was 13.3% in the Figure 4 Comparison of the inflammation score in the two groups. No significant differences in inflammation score between the two groups were observed at any time point. Data are presented as mean ± standard error. Abbreviations: TRA-I-Group, travoprost initial group; TIM-I-Group, timolol initial group. uveitis flares with the use of antiglaucoma therapies was 52 per 100 person-years of follow-up, and that with the use of bimatoprost therapy was 32.4 per 100 person-years of follow-up (P = 0.206). 21 Takeuchi et al found that after fixed latanoprost/timolol and travoprost/timolol combination therapy, the inflammation score in eyes with uveitic glaucoma was improved in 7 eyes and unchanged in 48 eyes, with no eyes showing deterioration. 20 Chang et al reported no difference in the frequency of reactivation of anterior uveitis in patients treated with PGAs versus other topical hypotensive agents.
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Taken together, these studies show that PGAs will not increase ocular inflammation in uveitic glaucoma in which uveitis is controlled through immunomodulatory therapy. In our study, the inflammation scores in the TRA-I-Group slightly increased from day 0 to day 1 and decreased on day 7. Inflammation scores showed no significant differences between the TRA-I-Group and the TIM-I-Group at any time point, suggesting that in combination with anti-inflammation therapy through topical steroids, travoprost shows safety comparable to that of timolol. Because the observation of macular edema is obstructed by explosive gas or air filled in the vitreous as tamponades early after vitrectomy, we did not observe macular edema in this study. There was no case of reactivation of herpes simplex virus. However, the number of cases of increased ocular hyperemia was significantly more in the TRA-I-Group than in the TIM-I-Group, in agreement with other studies on primary open-angle glaucoma or ocular hypertension. [28] [29] [30] The mechanism of hyperemia induced by PGAs is complex. PGAs were reported to have some affinity to the EP2 receptor, a receptor known to mediate vasodilation. 31 Besides that, PGAs can induce the release of nitric oxide to mediate hyperemia. 32 Through multivariate analysis, we found three risk factors of using more than one IOP-lowering medication including inflammation score ≥ 2, silicone oil as tamponade and IOP ≥ 30 mmHg. In addition, 77.78% of patients with three risk factors used more than one IOP-lowering medication in our study; this may be evidence for clinicians to consider treating patients with three risk factors using two IOP-lowering medications instead of a single IOP-medication at the beginning of treatment. This treatment strategy may improve IOP control in high-risk patients, thereby decreasing the risk of retinal and optic nerve damage caused by uncontrolled IOP. However, only 18.52% of patients with one risk factor and no patient without risk factor used more than one IOP-lowering medication in our study, suggesting that patients with less than two risk factors may not need to use more than one IOP-lowering medication at the beginning of treatment. This regimen may avoid the overuse of eye drops in low-risk patients, reduce their economic burden, and benefit their eye surface health.
Our study has several limitations, and our results should be interpreted with caution. The baseline inflammation score of patients in our study was 1.32, which is not a high value, so ocular inflammation was easily controlled with topical steroids. Moreover, our study excluded patients affected by the closed-angle subtype; these patients may respond differently to travoprost.
In conclusion, we found that efficacy and safety of travoprost 0.004% were similar to those of timolol 0.5% in the treatment of early-stage ocular hypertension secondary to vitrectomy. Travoprost 0.004% may be effective for treating early-onset ocular hypertension secondary to vitrectomy while controlling inflammation. However, with a higher risk of ocular hyperemia, beta-blockers remain the first choice IOP-lowering medication for treating early-onset ocular hypertension secondary to vitrectomy.
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